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Abstract 
There is a long standing debate on the influence of physiological signals on social behavior. 
Recent studies suggested that heart rate variability (HRV) may be a marker of social cognitive 
processes. However, this evidence is preliminary and limited to laboratory studies. In this 
study 25 participants were assessed with a social cognition battery and asked to wear a 
wearable device measuring HRV for 6 consecutive days. The results showed that reduced 
HRV correlated with higher hostility attribution bias. However, no relationship was found 
between HRV and other social cognitive measures including facial emotion recognition, 
theory of mind or emotional intelligence. These results suggest that HRV may be linked to 
specific social cognitive processes requiring online emotional processing, in particular those 
related to social threat. These findings are discussed in the context of the neurovisceral 
integration model. 
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Introduction 
The neurovisceral integration model (Thayer et al., 2012) suggests that heart rate 
variability (HRV) should be treated as a complex indicator of brain activity rather than just a 
measure of heart function. This idea is substantiated by numerous studies showing an 
association between HRV variables and cognitive and emotional processes (e.g. Kreibig, 
2010). Further, prefrontal autonomic control has been demonstrated with a series electrical 
brain stimulation experiments on prefrontal areas to exert an impact on respiration, blood 
pressure and a number other autonomic controlled functions (for a comprehensive review 
see Neafsey, 1990). HRV is claimed to index cortico-subcortical appraisal processes and has 
been linked with brain structures associated with threat perception including the 
ventromedial prefrontal cortex, the anterior cingulate cortex, the putamen and the 
amygdala (Thayer et al., 2012). Low HRV has also been hypothesized to be a biomarker of 
psychopathology - for example a population-based study found an association between 
illness onset HRV deregulation and depression prognosis after 10 years (Jandackova et al., 
2016). A recent meta-analysis considering thirty-four studies concluded that HRV reduction 
is a robust finding in people with schizophrenia and advanced this biological abnormality as a 
possible endophenotype of the illness (Clamor et al., 2016). Large effect sizes  were found 
both for high frequency HRV (Hedges’ g=-0.98) and root mean square of successive interval 
differences (Hedges’ g=-0.91), thus indicating lower vagal activity in patients compared to 
controls. 
A common feature of mental health conditions is reduced social functioning. Recent 
research has started to link HRV deregulation to poor social interactions.  A meta-analysis of 
experimental studies showed that reduced HRV is consistently present in individuals faced 
with negative social situations (Shahrestani et al., 2015). These studies simulate a social 
situation by requiring participants to read and immerse themselves in scenarios with 
negative emotions content. These include, for example, scenarios during which participant 
deliver a speech in front of a committee of a strangers (Shahrestani et al., 2015). The results 
of these studies converge in suggesting that HRV may be a marker of poor adaptation to 
stressful events (Shahrestani et al., 2015). Quintana et al. (2012) suggested that the HRV 
may be considered a physiological signal indicative of people’s social cognitive proficiency. 
Accordingly, research in the field of psychopathology showed that HRV dysregulation is 
present alongside social cognitive deficits in individuals with schizophrenia (Jáuregui et al., 
2011). Additionally, Gaebler et al. (2013) found lower HRV linked to the abnormal caudate 
nucleus activity in patients with social anxiety disorder while processing socio-emotional 
information. 
While providing preliminary evidence to support the association between HRV and 
social cognitive processes, all these studies were limited by assessing HRV in laboratory 
settings. People’s behavior is strongly situationally dependent, especially when it comes to 
social situations (Benz and Meier, 2008). The advent of mobile health technology (mHealth), 
allowing the ”the delivery of healthcare services via mobile communication devices.” 
(Torgan, 2009), provides the opportunity to assess social behavior in its natural context  and 
study its peripheral nervous system parameters. Thus, this study aimed to explore the 
relationship between HRV measures, recorded in everyday life situations, and social 
cognition. Numerous studies linked prefrontal activity with mentalizing processes (e.g. 
Denny et al., 2012) and suggested that HRV may be a marker of prefrontal-subcortical 
coupling (Thayer et al., 2012). We therefore hypothesize to detect an association between 
HRV and mentalizing abilities.  
 
 
Methods 
Participants 
Participants were recruited through local advertisement in south London, UK. To be 
eligible volunteers had to be aged between 18-55 years, had no history of mental, substance 
dependence or neurological disorders, no learning disability, not taking psychotropic 
medication, and good command of English language.  
Procedure  
Participants were screened over the phone for the study inclusion and exclusion 
criteria. Mental illness history was assessed using the M.I.N.I. International Neuropsychiatric 
Interview (Sheehan et al., 1998). All eligible participants met with a study researcher and 
received instruction on how to operate the mHealth device. During this first meeting the 
researcher collected demographic information and the social cognition measures. 
Participants were asked to wear the mHealth device during their normal day-to-day activities 
up to 6 consecutive days but asked to remove it when: doing physical exercises (e.g. gym); 
there was a risk of the device being in contact with water (e.g. washing) or sleeping at night. 
Participants met the researcher after the 6th day, returned the device and were debriefed. 
The study research protocol was reviewed and approved by King’s College London ethic 
committee. All participants signed a written consent form and received compensation for 
their time.  
 
HRV measurement 
HRV was measured with Empatica E3 wristbands. The measurement of the mean time 
elapsing between two consecutive R waves data were extracted from the 
photoplethysmographic recording with Empatica Algorithm 1 and 2 (see Garbarino et al., 
2014 for the detailed information on sensor and Empatica, 2015 and  Tognetti et al., 2015 
for information on the algorithms). Data was further processed with Kubios HRV after visual 
inspection of the inter-beat interval data (Tarvainen et al., 2014). Standard deviation of all 
normal RR intervals (SDNN) and root mean square of the successive differences of RR 
intervals (RMSSD) were extracted with standard algorithms implemented in Kubios software 
(Thayer et al., 2012). 
Social cognition measures 
Emotional processing was assessed with Facial Emotion Identification Test (FEIT; Kerr 
and Neale, 1993). In this task participants are asked to identify which of six emotions words 
best describe a sill face picture. Emotional intelligence was assessed by The Trait Emotional 
Intelligence Questionnaire (Cooper and Petrides, 2010). The Ambiguous Intentions Hostility 
Questionnaire (AIHQ; Combs et al., 2013) was chosen as a measure of attribution biases in 
participants. In line with results of previous studies in the general population we used the 
ambiguous vignettes only (Combs et al., 2013). Finally, Theory of Mind processes were 
assessed with the Hinting Task (Corcoran et al., 1995).  
 
Analysis  
For this study we decided to analyze the longest continuous HRV recording period 
available for all participants (i.e. 8 hours). This is because a longer period provides some 
variability in the activity and allows treating HRV as a global measure of neural integrity, 
rather than an indicator of situational behavior.  
Pearson correlation coefficient was used to assess the association between HRV 
variables and main score of each task. Partial correlations were used to control for the effect 
of moderating variables (e.g. age). For the AIHQ we analyzed scores for each type of biases. 
As previous research found age to be associated with HRV, we considered this variable as a 
covariate using partial correlations. Statistical threshold was set at p<0.05 two tails.  
 
Results 
 Approximately one third of the participants had 8 hours long recordings from three 
or more days. The average length of the longest continuous recording was 14.4+/-7.5 hrs 
suggesting that participants were occasionally taking the device off. To make the comparison 
between samples balanced, we decided to use the data from the first chronologically 
recording of 8hrs. All the 25 participants recruited had at least one 8hrs recording period. 
Basic descriptive statistics of the variables reported in the study are shown in a Table 
1.  Age was negatively associated with both SDNN (r=-.43 p=.030) and RMSSD (r=-.43 
p=.032). After partialling out the effect of age we found a significant correlations between 
Hostility Bias and both SDNN (rp=-.41 p=.046) and RMSSD (rp=-.46 p=.024). Furthermore, a 
trend towards significance was observed for correlation between RMSSD and AIHQ Blame 
Score (rp=-.37 p=.072) and between SDNN and AIHQ Aggression Score (rp=-.40 p=.056). HRV 
parameters did not correlate with the remaining social cognition measures.  
 
Discussion 
 This study examined the relationship between HRV measures, recorded in a 
naturalistic setting, and social cognitive domains. The results showed an association 
between Hostility Bias and HRV measures. However, HRV was not associated with other 
domains of social cognition.  
 Similarly to a previous study, our results linked lower mental state attribution scores 
with reduced HRV (Quintana et al., 2012). Mental attribution requires both socioemotional 
processing and mentalizing, thus in the case of complex social interactions it may be possible 
that HRV reduction may influence both processes rather than either. This is however a 
speculation as to date there is no data in support of this. In a study examining HRV and brain 
activity while participants performed a social evaluative threat task, it was found that this 
process is regulated via two cortico-subcortical pathways linking sub-regions of medial 
prefrontal cortex with heart rate (Wager et al., 2009). In another study, males with medial 
prefrontal cortex (mPFC) lesions rated threat higher in socially challenging situations and had 
lower HRV compared to non-mPFC brain damaged patients and healthy control groups 
(Buchanan et al., 2010). These results further support the view that HRV and attributional 
bias for hostile intentions may be linked to reduced prefrontal inhibition over subcortical 
activity, which may lead to increased threat perception (Thayer et al., 2012).  
  Our results are congruent with previous studies examining the relationship between 
HRV and attribution style in the general population. Higher HRV was observed to be 
associated with a more balanced attributional style (Grossman et al., 2016). In another 
study, which has used social situation vignettes, lower HRV was associated with higher 
blame attribution, but only if the action was framed as intentional (León et al., 2009). These 
studies were, however, limited by the fact that social situations were modelled by 
experimental tasks which may reflect only partially real life situations. Here, we collected 
HRV during participants’ everyday life. This provides a rationale to support the role of HRV as 
a proxy for real life aberrant processing of threat associated with social interactions.  
The large majority of mental health conditions are associated with social cognition 
difficulties and these difficulties have been found to predict long term functioning and social 
function outcomes (Billeke and Aboitiz, 2013). Monitoring HRV parameters using mHealth 
devices may offer a practical and cost-effective solution for assessing processes associated 
with recovery progress or symptom relapse. However, some limitations apply to the results 
of this study.  
Despite we asked participants to wear the mHealth devices for 6 days memory 
capacity could hold approximately 30 hours of recording, thus for most participants 
recordings were available for first three days. To ensure that the time period used in the 
analysis included social activities, we collected information of social functioning levels from 
all participants using a semi structured interview (Cella et al., 2016). This was done to 
ascertain that participants would regularly engage with various activities, including 
socializing, during their everyday life.   All participants spent significant portions of their 
weekly activities socializing (M=36 ± 29 hours). As participants reported that the week of 
recording was similar to their average week we could assume that participants were exposed 
to some social activities during the recording. Future studies should aim to collect more 
precise information on the level, quality and type of social activities as these may have a 
different impact on physiological parameters. Further, all of the social cognitive measures 
used in this study were paper-pencil based tasks. Future studies should also include social 
simulation paradigms (Shahrestani et al., 2015) and tasks aimed to assess the impact of 
contextual processing on social decision making (e.g. by the means multiplayer economic 
games (King-Casas and Chiu, 2012). 
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